2 1/K137R), ER-GATA-1(SUMO-1/V205G), and ER-GATA-1(SUMO-1/C261P), a cDNA encoding human SUMO-1 was fused to the N-terminus of GATA-1. Expression constructs for GATA-1 and GATA-1(K137R) lacking the ER fusion partner were generated by replacing ER coding sequences with stop codons.
Protein Analysis
Clonal lines expressing mutant proteins at levels comparable to ER-GATA-1 were selected.
To confirm that subsequent passages of cells retained comparable expression, lines were reanalyzed periodically. Equal numbers of cells were boiled for 10 min in SDS sample buffer (25 mM Tris, pH 6.8, 4% β-mercaptoethanol, 3% SDS, 0.05% bromophenol blue, and 5% glycerol). Lysates were resolved by SDS-PAGE, and proteins were measured by semiquantitative Western blotting with ECL Plus (GE Healthcare). To compare the levels of ER-GATA-1 and ER-GATA-1(K137R) in nuclei, nuclei were prepared from G1E clonal lines expressing wild-type or mutant GATA-1 (3 x 10 7 cells) with cell lysis buffer (10 mM Tris, pH 7.5, 10 mM NaCl, 3 mM MgCl 2 , 0.2% NP40, 5 mM DTT, 0.5 mM PMSF, 20 μg/mL leupeptin).
Isolated nuclei were washed with 10 mM Tris, pH 7.5, 10 mM NaCl, 3 mM MgCl 2 , 5 mM DTT, 0.5 mM PMSF, 20 μg/mL leupeptin at 4°C, and pellets were boiled in 2x SDS-sample buffer.
Proteins were resolved by SDS-PAGE on a 7.5% gel and analyzed by semi-quantitative Western blotting using ECL Plus.
Immunoprecipitation
To detect GATA-1 sumoylation, G1E-ER-GATA-1 cells were treated with β-estradiol for 24 h, and whole cell lysates were prepared from 4 x 10 7 cells with 150 mM Tris, pH 6.7, 5% SDS, 30% glycerol, 25 mM N-ethylmaleimide, 200 μM iodoacetamide, 2 mM DTT, 1 mM PMSF and 3 20 μg/ml leupeptin and boiled for 15 min. Lysates were cleared by centrifugation at 13,000 x g for 30 min at 4°C and diluted with NP40 lysis buffer (150 mM NaCl, 1% NP40, 50 mM Tris, pH 8.0, 2 mM DTT, 0.2 mM PMSF and 20 μg/ml leupeptin) to yield 0.2% final SDS concentration. Diluted lysates were divided into two aliquots and immunoprecipitated with mouse IgG or mouse anti-SUMO-1 monoclonal antibody (Zymed). Immune complexes were collected by adsorption to protein A-Sepharose and washed five times at 4°C with NP40 lysis buffer. Proteins were resolved by SDS-PAGE on an 8% gel and analyzed by Western blotting using ECL Plus (GE Healthcare). To assay for ER-GATA-1 binding to endogenous FOG-1, G1E cells were transfected with pGD-G1ER-puro, pGD-GATA-1(V205G)-ER-puro or pGD-GATA-1(SUMO-1/V205G)-ER-puro plasmids using the Nucleofector II system. FOG-1 binding was also analyzed in G1E cells stably expressing ER-GATA-1 or ER-GATA-1(K137R). Whole cell lysates were prepared from 1.5 x 10 7 cells with NP40 lysis buffer and cleared by centrifugation at 13,000 x g for 30 min at 4°C. Lysates were diluted with NP40 lysis buffer and immunoprecipitated with rabbit IgG or rabbit anti-FOG-1 polyclonal antibody (Im et al., 2005) . Immune complexes were collected by adsorption to protein A-Sepharose and washed five times at 4°C with NP40 lysis buffer. Proteins were resolved by SDS-PAGE on a 7.5% gel and analyzed by Western blotting using ECL Plus.
Quantitative Real-Time RT-PCR
Total RNA was purified with TRIzol (Invitrogen) from identical cultures used for Western blotting and ChIP. cDNA was prepared by annealing RNA (1 μg) with 250 ng of a 5:1 mixture of random and oligonucleotide (deoxyribosylthymine) primers preheated at 68°C for 10 min, followed by incubation with Moloney murine leukemia virus reverse transcriptase (RT; 50 u) (GIBCO/Invitrogen), 10 mM dithiothreitol (DTT), RNasin (Promega), and 0.5 mM deoxynucleoside triphosphates at 42°C for 1 h. Reactions were diluted to a final volume of 4 130 μl and heat inactivated at 98°C for 5 min. Reactions (15 μl) contained 2.0 μl of cDNA, 7.5 μl of SYBR green master mix (Applied Biosystems) and appropriate primers. Product was monitored by SYBR green fluorescence. Control reactions lacking RT yielded little to no signal. Relative expression levels were determined from a standard curve of serial dilutions of cDNA samples and were normalized to Gapdh expression. Primer sequences are provided in the Supplemental Experimental Procedures.
Quantitative ChIP Assay
G1E-ER-GATA-1, G1E-ER-GATA-1(K137R), G1E-ER-GATA-1(K137A), G1E-ER-GATA- 1(V205G) or G1E-ER-GATA-1(SUMO-1/V205G) cells
Microscopy and FISH Analysis
To determine the subcellular localization of ER-GATA-1, Nucleofector II-transfected G1E cells were cytocentrifuged onto slides at 1,500 x g for 10 min at room temperature. Cells were 
GATA-1(K137R)
Immunofluorescence analysis of GATA-1 and GATA-1(K137R) after Nucleofector II-mediated transfection of G1E cells.
